We demonstrate a robust method of resolving the star-formation and AGN contributions to emission lines using two very well known AGN systems: NGC 1365, and NGC 1068, using the high spatial resolution data from the TYPHOON/PrISM survey. We expand the previous method of calculating the AGN fraction by using theoreticalbased model grids rather than empirical points. The high spatial resolution of the TY-PHOON/PrISM observations show evidence of both star formation and AGN activity occurring in the nuclei of the two galaxies. We rebin the data to the lower resolutions, typically found in other integral field spectroscopy surveys such as SAMI, MaNGA, and CALIFA. The results show that when rebinned from the native resolution of TY-PHOON (< 200 pc/pixel) to 1 kpc/pixel, the effects include a ∼3 kpc increase in the radius of measured AGN activity, and a factor of 2 − 7 increase in the detection of low surface brightness features such as shocks. All of this information is critical, because information on certain physical processes may be lost at varying resolutions. We make recommendations for analysing data at current IFU survey resolutions.
INTRODUCTION
Much work has been undertaken to establish the relationship between the accretion activity of supermassive black holes (SBH) and the evolution of their host galaxies (Cattaneo et al. 1999; Haehnelt & Kauffmann 2000; Cid Fernandes et al. 2001; Kauffmann et al. 2003; Granato et al. 2004; LaMassa et al. 2012) . We now know that the mass of the SBH correlates with other properties of the galaxy, such as the velocity dispersion (M-σ relation; e.g. Ferrarese & Merritt 2000; Gebhardt et al. 2000; Tremaine et al. 2002; Gül-tekin et al. 2009; McConnell & Ma 2013) , the stellar mass in the bulge (M BH -M * relation; e.g. Magorrian et al. 1998; Marconi & Hunt 2003; Bennert et al. 2011; McConnell & Ma 2013) , and the luminosity of the bulge (M BH -L; e.g. Marconi & Hunt 2003; Gültekin et al. 2009; McConnell & Ma 2013) . Therefore, one might expect that black hole activity correlates with star formation. Yet, all current theories that link E-mail: joshua.dagostino@anu.edu.au these processes, such as mergers, starburst-driven winds or AGN-driven outflows (e.g. Yuan et al. 2010a; Rafferty et al. 2011 ) have remained unconvincing. No theoretical model has successfully been able to explain the relationship between star formation and AGN (see the review by Alexander & Hickox 2012) .
Emission lines such as Hα are one of the key measures for the growth of the stellar mass and SBH in galaxies across cosmic time. However such lines can arise from both AGN and star-forming processes, making the determination of the relative rate of growths difficult when both are present. This confusion presents one of the difficulties in understanding the link between galaxy and SBH growth. Line ratio diagnostic diagrams, such as suggested by Baldwin et al. (1981) ; Veilleux & Osterbrock (1987) ; Kewley et al. (2001 Kewley et al. ( , 2006 can be used to determine the dominant power source within a galaxy. The flux from hydrogen recombination lines such as Hα and Hβ is proportional to the number of ionising photons emitted by a stellar cluster, which is proportional to the birthrate of massive stars (Dopita et al. 2002a , and ref-erences therein). Hence, the flux of Hα specifically (rather than Hβ which typically has a smaller flux due to the process that governs the two emission lines, as well as Hβ being more prone to extinction and stellar absorption) is typically used as a star formation indicator. The [N ii]λ6584 and [O iii]λ5007 lines (hereafter simply [N ii] and [O iii] unless specified) are strong, forbidden lines and are easily measurable. These lines are AGN indicators because the extreme ultraviolet (EUV) radiation field from the accretion disk of the central AGN is harder than the radiation field from star formation (Groves et al. 2004; Kewley et al. 2006 Kewley et al. , 2013 .
Work on starburst-AGN mixing was first explored by Kewley et al. (2001) , using previous spectroscopy techniques. These previous spectroscopy techniques (e.g. longslit) obtained a spectrum from a galaxy as a whole. As a result, galaxies were typically classified on the BPT diagram as either star-forming or from AGN, with the exception being when their line ratios placed them in the region of the BPT between the Kewley and Kauffmann demarcation lines (see Kewley et al. 2001; Kauffmann et al. 2003, respectively) . These two lines are theoretical and empirical upper bounds of star formation in galaxies respectively. The region between these two lines is interpreted to imply mixing of both star formation and an additional hard component (from e.g. AGN, shocks, or diffuse ionised gas) in galaxies (Yuan et al. 2010b) . Through their work with starburst galaxy modelling, Kewley et al. (2001) demonstrated with their SDSS sample that a continuum of ionising sources (a 'mixing sequence') exists in galaxies. This notion was taken further by Kewley et al. (2006) , who demonstrated that contributions from various ionising sources could be calculated and extracted from galaxies which show multiple sources of ionisation.
It is anticipated that the study of starburst-AGN mixing and uncovering the relationship between the two processes will become clearer with the advent of integral field spectroscopy (IFS). IFS, unlike previous methods, obtains spatially resolved spectra from individual spaxels across a galaxy, rather than a single spectrum that encompasses the galaxy as a whole. This allows both star formation and AGN processes in a single galaxy to be separated, and hence integral field unit (IFU) data is central to the study of starburst-AGN mixing. Starburst-AGN mixing using IFU data was first investigated by Davies et al. (2014a,b) , who calculated the 'AGN fraction' for NCG 7130 from the Great Observatory All-Sky LIRG Survey (GOALS; Armus et al. 2009 ), and four galaxies (NGC 6394, NGC 2410, IC 0540, NGC 6762) from the Calar Alto Legacy Integral Field Area (CALIFA; Sánchez et al. 2012; Husemann et al. 2013) . They make use of the concept of 'star-forming distance' defined in Kewley et al. (2006) to empirically fit each galaxy's mixing sequence from the star-forming to the AGN regions on the BPT diagram. We expand on the work conducted by Davies et al. (2014a,b) by calculating the AGN fraction with new theoretical models, rather than the Davies et al. (2014a,b) empirical method.
Using data obtained from the TYPHOON/Progressive Integral Step Method (PrISM) survey, we analyse two galaxies: NCG 1365 and NGC 1068, described in Section 2. TY-PHOON/PrISM is a survey of 100 of the nearest and largest spiral galaxies, resulting in an incredibly highly-resolved dataset. The survey and dataset is described further in Section 3. The high resolution of the dataset gives a clean separation of both star formation and AGN processes in each galaxy, allowing very accurate calculations of the contribution to emission lines from both star formation and AGN processes. We calculate the AGN fraction for both NGC 1365 and NGC 1068 using new theoretical models. The models are described in Section 4, and the new AGN fraction calculation is showcased in Section 5. Further, we explore systematically the impact of resolution on determining the true contributions to both processes in Section 6 by rebinning the data to lower spatial resolutions and repeating the analysis.
SAMPLE SELECTION

NGC 1365
NGC 1365 is a large barred spiral galaxy (SB(s)b; de Vaucouleurs et al. 1991 ) located at a distance of roughly 18 Mpc in the constellation Fornax. NGC 1365 is roughly four times bigger than the Milky Way, with a semi major axis of ∼32 kpc. NGC 1365 has a Seyfert 1.8 nucleus (Véron-Cetty & Véron 2006) with a rapidly rotating supermassive black hole of mass M BH ≈ 2 × 10 6 M and spin parameter a > 0.84 (Reynolds 2013; Risaliti et al. 2013) .
Large-scale outflows from NGC 1365 have been reported since the middle of the 20 th century (for a detailed discussion on the history of reported outflows, see Veilleux et al. 2003 , and references therein). Veilleux et al. (2003) confirm previous studies by measuring a biconical outflow southeast and north-west from the nucleus of NGC 1365. The opening angle of the biconical outflow has been suggested to be ∼100 o , with a position angle of 126 o (Hjelm & Lindblad 1996) . Veilleux et al. (2003) and Sharp & Bland-Hawthorn (2010) also show high [N ii]/Hα and [O iii]/Hβ ratios particularly along the axis of the biconical outflow, up to values of 1.5 and 3 for each of the respective ratios (figures 6d and 7d respectively from Veilleux et al. 2003) . The high emission line ratios suggest photoionisation from the central AGN. The biconical outflow structure is roughly aligned with a radio jet-like feature at a position angle of 125 o , observed in Sandqvist et al. (1995) and Morganti et al. (1999) .
NGC 1068
As the prototypical Seyfert galaxy, NGC 1068 has been the subject of much work in the astronomical community, leading to it being arguably the most-studied active galaxy in the local universe. A Seyfert 2 (Osterbrock & Martel 1993) (R)SA(rs)b (de Vaucouleurs et al. 1991 ) galaxy, it is located at a distance of roughly 12.5 Mpc in the constellation Cetus. The galaxy's broad-line region is known to be obscured by an optically-thick torus (e.g. Miller & Antonucci 1983; Antonucci & Miller 1985; Miller et al. 1991; García-Burillo et al. 2016) , and hence has largely been hidden from view due to extinction in the past (Rigby 2006) . However, recent work such as Marinucci et al. (2016) and García-Burillo et al. (2016) has begun to resolve the nucleus and circumnuclear disk of NGC 1068.
NGC 1068 is also observed to have a large-scale biconical outflow structure (e.g. Cecil et al. 1990 ; Arribas et al. 1996; Pogge 1988; Crenshaw & Kraemer 2000) . Material within this bicone has been observed in the [O iii]λ5007 line to be moving outward from the nucleus at velocities of ∼3000km s −1 at a position angle of ∼32 o , believed to be radiatively accelerated by the AGN at the galaxy's centre (Pogge 1988; Cecil et al. 2002; Dopita et al. 2002b ). The outflow in [O iii] can be seen in Figure 3b with log([O iii]/Hβ) values near unity, extending from the centre of the galaxy to the north-east. Material with high values of log([O iii]/Hβ are also seen to the south-west of the galaxy, partially obscured by the disk of the galaxy. This ejecta is aligned with the radio jet seen from this galaxy, which has a measured position angle of 34 o (e.g. Wilson & Ulvestad 1983 Pogge 1988; Gallimore et al. 1996) . The models from Das et al. (2006) (especially their Figure 10 ) which attempt to model the bicone give an opening angle of ∼80 o and position angle of ∼30 o . Values of parameters relating to the geometry of the bicone measured by Das et al. (2006) agree closely with those calculated by Crenshaw & Kraemer (2000) , with the exception of the value for the bicone position angle for which Crenshaw & Kraemer (2000) suggest 15 o . Poncelet et al. (2008) also measure a value for the bicone orientation using emission lines in the infrared which is in closer agreement to that suggested by Crenshaw & Kraemer (2000) . Poncelet et al. (2008) suggest a bicone orientation with a position angle of ∼10 o . The position angle suggested by Poncelet et al. (2008) is in better agreement with the HST [O iii] image results from Evans et al. (1991) . Poncelet et al. (2008) do however agree with the opening angle of the bicone calculated by Das et al. (2006) , finding an opening angle of ∼82 o . However, as mentioned by Goosmann & Matt (2011) , derivation of the actual geometry of the ionisation bicone close to the centre is not straightforward when observations have large spatial scales. Instead, they propose X-ray polarimetry to constrain the geometry of the innermost outflows.
OBSERVATIONS AND DATA REDUCTION
Observations
TYPHOON is a survey which uses the Progressive Integral
Step Method (PrISM), also known as the 'step-and-stare' or 'stepped-slit' method to construct 3D datacubes of 100 of the closest and largest galaxies in the southern hemisphere. The survey is being undertaken on the 2.5m du Pont telescope at the Las Campanas Observatory in Chile. Whilst not using an IFU per se, the observations are made by progressively stepping a long-slit aperture across a galaxy to mimic the effect of an IFU. Thus, the end product is a high spectral resolution datacube. The datacubes produced from the TYPHOON/PrISM survey are highly resolved, with a spatial resolution of ∼ 4-5 pc at best (Sturch & Madore 2012) . Further details about the TYPHOON/PrISM survey will be explained in a forthcoming publication (Seibert et al. in prep.) NGC 1365 was observed using the Wide Field reimaging CCD (WFCCD) imaging spectrograph on the du Pont telescope. The WFCCD has a field of view of 25' and we construct the 3D data cube using a custom long-slit (18 × 1.65 ; 0.5 arcmin 2 ) which was placed along the northsouth direction and progressively scanned across the galaxy through stepping and staring. Each pointing position was integrated for 600 seconds before the slit was moved by one slit width in the east-west direction for the next integration. This procedure was repeated until the optical disk of NGC 1365 was covered. In total, 223 observations covering an area of approximately 6 ×18 were taken during 15 nights over four observing runs in November 2011, January 2016, February 2016 and August 2016. NGC 1068 was also observed using the WFCCD imaging spectrograph on the du Pont telescope, with 63 observations taken between the 8 th and 11 th of October 2012 inclusive. The observations cover an area of 1.73 × 18 , centered on the nucleus and inner star-forming ring. Each exposure was also integrated for 600 seconds. Observations were performed only when the seeing was less than the slit-width of 1.65 . Spectrophotometric flux standards were observed each night.
Data reduction
The data are reduced using standard long-slit data reduction techniques. The wavelength calibration has a typical root-mean-square value 0.05Å for the entire data set. Flux calibration is accurate to 2% at the spaxel scale over the range of 4500 to 7500Å. The reduced long-slit 2D spectra are tiled together to form the 3D data cube. The final reduced data cube covers a wavelength range of 3650 to 8150Å, with spectral and spatial samplings of 1.5Å and 1.65 , respectively. From fitting Gaussians to field stars in the reduced data cube, we estimate that the full-width half maximum of the point spread function is approximately 2 , which corresponds to approximately 169 pc at the assumed distance of roughly 18 Mpc. The instrumental dispersion is approximately 3.5Å (σ; correspond to R ≈ 850 at 7000Å).
The colour-composite images extracted from the reduced datacube are shown in the left-hand panels of Figure 1 for both galaxies NGC 1365 and NGC 1068. The Hα flux maps derived from the datacube for both galaxies are shown in the right-hand panels of Figure 1 . We use the emission line fitting tool LZIFU to measure emission line fluxes from the raw data, following the method outlined in Ho et al. (2017) . The flux of Hα emission peaks at the centre of the galaxy for both galaxies. Hence we use the spaxel containing the highest value of Hα flux as the centre of the galaxy, from which we measure our radial offsets.
The large-scale distribution of Hα is seen to follow the spiral arms in both galaxies. However, the centres of both NGC 1365 and NGC 1068 have been shown to be dominated by harder-ionising processes, such as AGN and shocks (see Section 2), resulting in outflows seen in emission lines such as [O iii]λ5007. Their centres also contain significant starformation, such as the nuclear 1kpc diameter starburst ring in NGC 1068 (e.g. Wilson et al. 1991) . Therefore, while some clear AGN driven structures can be detected using single lines like the biconical outflow in the [O iii] map of NGC 1365 in Figure 2 , most lines towards the centre arise from some combination of star formation and AGN affected gas. This is most clearly seen in Figure 3 , which shows increases towards the nucleus in both the [N ii]/Hα and [O iii]/Hβ ratios. We note that the line ratio maps in Figure 3 do not show evidence of a biconical outflow in NGC 1365 due to low signal-to-noise in the Hβ line. Hence, we make use of the 
Correcting for saturation in NGC 1068
The emission lines affected by saturated pixels include [O iii]λλ4959,5007, Hα and [N ii]λλ6543,6584. In the pipeline, pixels that are saturated are flagged and carried through as 'NaN' pixels. We reproduce the line profile by performing a fit to the unsaturated emission line(s). For spaxels with saturated lines, we use idl/mpfit to fit the Hβ profile with a two-component gaussian.
The [O iii]λλ4959,5007 profile with saturated (NaN) pixels is fit with idl/mpfit using a two-component gaussian with the redshift and velocity width of the gaussian components fixed to the values derived from the Hβ fit. The line peaks, continuum level and continuum slope are allowed to vary (the [O iii]λλ4959,5007 ratio is held fixed at 1:3), using the Gaussian shape and the unsaturated wings of the line to constrain the missing data. Any 'NaN' pixels in the region of [O iii] In total, when considering spaxels with a signal-to-noise cut greater than 3 in all the emission lines on the BPT diagram, the percentage of spaxels with a correction applied is only 0.5%. 
PHOTOIONISATION MODEL GRIDS
The photoionisation grids used during this work were created using the photoionisation code MAPPINGS V.1. We compute separate model grids for both the star-formation region and the AGN region of the BPT diagram, described subsequently.
Starburst model grid
The parameters involved in the creation of the starburst model grid are based on the findings and recommendations given by D'Agostino et al. (prep) . We consider all aspects of the H ii region, including a stellar cluster and physical structure of the region.
Ionising stellar spectrum
To synthesise the ionising stellar spectrum, we use the stellar population synthesis code Stochastically Lighting Up Galaxies (SLUG; da Silva et al. 2012; Krumholz et al. 2015) . The stellar spectrum is created using the initial mass function of Kroupa (2002) , the Geneva "High" mass-loss (HIGH) stellar evolutionary tracks published in Meynet et al. (1994) , and the stellar atmospheres of Lejeune et al. (1997) with the addition of updated Wolf-Rayet (WR) and OB star atmospheres from Hillier & Miller (1998) and Pauldrach et al. (2001) respectively. We favour the use of certain stellar models based on updates to the input physics from previous models. The Geneva group's HIGH stellar tracks include a correction to the definition of stellar effective temperature at the WR phase. Similarly, specialised modelling of WR stars by Hillier & Miller (1998) and OB stars by Pauldrach et al. (2001) include updated physics to model both processes of line blanketing and line blocking, as well as a revised EUV and X-ray radiation model as a result of shock cooling zones in the OB stellar winds. We assume a stellar population at 10 Myr, undergoing constant star formation at a rate of 1M yr −1 . We use an age of 10 Myr, as 10 Myr is the age at which 99.9% of ionising photons have been released for a single stellar generation undergoing constant star formation (e.g. Charlot & Longhetti 2001; Feltre et al. 2016) . Hence, the shape of the stellar spectrum varies negligibly beyond this point. Despite the fact that we resolve individual H ii regions harbouring a single stellar cluster in galaxies using TYPHOON data, we use models which assume a continuous star-formation history. As we resolve individual H ii regions across the entire galaxy (see Figure 6 ), it is fair to assume the initial conditions and rates of star formation within each H ii region differs throughout the galaxy, especially considering galaxies containing an AGN with a rich history of large-scale outflows. Hence, our models consider radiation from stellar clusters of all ages up to and including 10 Myr.
H ii region structure
We assume a spherical geometry for our H ii region, and adopt the elemental abundance solar reference of Anders & Grevesse (1989) , and metallicity scaling prescription of Nicholls et al. (2016) , matching the stellar abundance to the overall metallicity of the stellar tracks. Our model includes dust, using the elemental depletion pattern of Jenkins (2014) , with a fraction of 0.3 of the carbon dust in the form of polycyclic aromatic hydrocarbons (PAHs). We use five metallicities in our starburst grid, with metallicities of Z = 0.001, 0.004, 0.008, 0.020, and 0.040. Z here refers to the mass fraction of heavy elements (elements heavier than helium), defined by the relationship X(H) + Y(He) + Z = 1. The range of metallicities sufficiently covers the metallicity range measured in both galaxies NGC 1365 and NGC 1068. We use the R 23 metallicity diagnostic from Kobulnicky & Kewley (2004) to measure the range of metallicity in both galaxies. This is discussed further in Section 5.1. We include a range of the ionisation parameter Q(N), defined as the number of ionising photons emitted from the source relative to the number density of all ions in the nebula, with values of log(Q(N) cm −2 s −1 ) from 6.5 to 8.5 inclusive, in increments of 0.25 dex. The range of ionisation parameter is comparable to that used by Kewley et al. (2001) . We compute our model in isobaric conditions, setting the initial pressure of the H ii region to be P/k = 8 × 10 5 K cm −3 . Under the assumption of an H ii region initial temperature of 8000K, this approximately corresponds to an electron density of n = 100 cm −3 . Figure 7 shows the electron density distribution across both NGC 1365 and NGC 1068 calculated using the [S ii] ratio, showing an electron density of n = 100 cm −3 to be a reasonable assumption in the star-forming regions of both galaxies. Our model is assumed to be radiation-bounded, and hence the model is terminated once 99% of H ii recombination has occurred
AGN model grid
Our AGN models are computed assuming a plane-parallel geometry, and use the same definitions for the abundance pattern and metallicity scaling, and ionisation parameter as our starburst model described in Section 4.1.2. We use six metallicities when computing our AGN model grids, with values of Z = 0.001, 0.004, 0.008, 0.020, 0.040 and 0.060. However, the low metallicities used in these grids are arguably redundant, as low-metallicity AGN are rare (e.g. Groves et al. 2006) . In increments of 0.25 dex, the ionisation parameter varies from log(Q(N) cm −2 s −1 ) = 7.0 to 11.0 inclusive.
We compute the AGN models also in isobaric conditions, however the value of initial pressure differs between the models used for NGC 1365 and NGC 1068. For NGC 1365, we use an initial pressure of P/k = 2 × 10 7 , and for NGC 1068, P/k = 2 × 10 8 . Under the assumption of a narrow-line region (NLR) initial temperature of 20,000K, this corresponds to electron densities of n = 1000 cm −3 and n = 10, 000 cm −3 for NGC 1365 and NGC 1068 respectively, supported through the density calculation from the [S ii] ratio in Figure 7 .
The AGN region models are computed with a powerlaw spectrum of the form cν α (Groves et al. 2004 ), fixing α = -1.2. Lower values of α have been historically favoured (∼−1.4 to ∼−2.0; e.g. Groves et al. 2004; Belsole et al. 2006 ), however we find lower values of α fail to completely explain the TYPHOON data on the BPT diagram. Further justification on the use of α = −1.2 is dicussed in Appendix A. The value of α however has been known to vary wildly amongst AGN (e.g. see detailed catalogue of AGN by Ackermann et al. 2011 ).
THE STARBURST-AGN MIXING SEQUENCE
As demonstrated by Kewley et al. (2001) and Kauffmann et al. (2003) , star-forming galaxies lie along a tight curve on the BPT diagram. However, as an AGN increases in activity until it completely dominates over emission from star formation, the galaxy moves off this star-forming sequence onto a 'mixing sequence' (e.g. Kewley et al. 2006) . As discussed by Kewley et al. (2001) and demonstrated empirically by Davies et al. (2014a,b) , the relative fractional contribution of star-formation and the AGN to the emission line luminosity can be determined from this mixing sequence. Davies et al. (2014a,b) used 'basis points' to define empirical 100% starburst and 100% AGN positions on the BPT diagram. The starburst and AGN basis points were assigned to the spaxels which contained the lowest and highest [O iii]/Hβ ratio respectively. These basis points corresponded to 0% and 100% AGN activity, respectively. All other spaxels were assigned an AGN fraction between 0% and 100% corresponding to their star-forming distance (d SF ; Kewley et al. 2006 ) along the line between the two basis points. The starforming distance d SF is a measure of a spaxel's (or galaxy's) offset in its [N ii]/Hα and [O iii]/Hβ ratios from the starforming sequence on the BPT diagram, mapped out by pure star-forming galaxies in SDSS (see Kauffmann et al. 2003) . The starburst basis point was defined as having a d SF = 0. The complement to the AGN fraction with respect to 100% is considered to be the relative fraction of emission from star formation. Using data from the TYPHOON survey, we extend this method, described below.
The result of applying the method described by Davies et al. (2014a,b) to NGC 1365 from the TYPHOON survey is shown in Figure 10 . The method from Davies et al. (2014a,b) when applied to IFU data shows AGN fractions of up to ∼50% for several spaxels along the star forming sequence of NGC 1365. These spaxels are found below the Kauffmann line, which is considered to be the upper limit of pure star formation.
Use of photoionisation grids
We use the photoionisation grids described in Section 4 to aid in the selection of the basis points. The basis points selected by Davies et al. (2014a,b) for their starburst-AGN mixing work are purely empirical. Hence, the basis points contain no physical information about the galaxy. Through the use of photoionisation grids, star formation and AGN activity can be separated with the basis points containing physical information about the galaxy, such as the metallicities, ionisation parameters, pressures of both the H ii and AGN regions, and hardness of the AGN power-law radiation field (Thomas et al. in prep.) . In addition, theoretical models also allow the prediction of spectra at other wavelengths.
To constrain the basis points of both the AGN and star-forming grids we use the independently determined gasphase metallicity. The R 23 metallicity diagnostic from Kobulnicky & Kewley (2004) (KK04) was used to diagnose metallicities from H ii regions within the galaxy. These H ii regions were identified using the idl routine hiiphot, developed by Thilker et al. (2000) . The H ii regions were found to be located throughout the galaxy, thus making possible the calculation of metallicity gradients from the central regions to the outskirts of both galaxies. The location of the H ii regions across NGC 1365 and NGC 1068 can be seen in Figure 6 . The metallicities for the central and outer regions of both NGC 1365 and NGC 1068 can be found in Table 1 .
Seen in Figure 8 , coloured by radius from the centre of the galaxy, is the presence of a large star-forming sequence in NGC 1365. This star-forming sequence extends from the nucleus to the outermost regions of the galaxy. The starburst grid shows a metallicity gradient within this star-forming sequence, beginning at a high metallicity within the nucleus, and extending to a low metallicity at the edges of the galaxy.
We used the metallicity calculations to construct ex- . These H ii regions were identified using hiiphot, developed by Thilker et al. (2000) . tra lines on the photoionisation grids, corresponding to the metallicities of the central and outer regions of the two galaxies. All basis points are positioned along these new grid lines, depending on the region of the galaxy for which they correspond. The positions of basis points SB1, SB2, and SB3 are defined by the starburst grid, whilst the positions of basis points AGN1 and AGN2 are defined by the AGN grid. Basis point SB1 is positioned along the line corresponding to the outer metallicity of the galaxy, at the edge of the starforming sequence of spaxels. Basis points SB2 and SB3 are positioned along the line of central metallicity at the nuclear region of the star-forming sequence. Basis points AGN1 and AGN2 are also positioned along the line of central metallicity. The basis points are placed along the lines of constant metallicity such that they encompass the spread in ionisation parameter in the data (see Section 5.3). The starburst basis points SB1, SB2, and SB3 define the starburst basis line, described in Section 5.2. Basis points SB2, SB3, AGN1, and AGN2 altogether define the nuclear column, defined in Section 5.3. As an example, we show all five basis points located on the photoionisation grids in Figure 9 , using the central and outer metallicities of NGC 1365 to determine their locations. Figure 9 also demonstrates the basis points defining the starburst basis line, and the nuclear column. et al. (2014a,b) assign a star-forming distance of d SF = 0 to the high-metallicity end of the star-forming sequence, as the majority of AGN-dominated galaxies are shown to mix with high-metallicity H ii regions . The high spatial resolution of the TYPHOON IFU data shows a star-forming sequence present in each individual galaxy, following the path mapped out by the pure star-forming galaxies in SDSS (see Kauffmann et al. 2003) .
Starburst basis line
Davies
By defining a single point as d SF = 0, the spaxels on the starforming sequence which extend out to lower metallicities are given progressively higher values for their star-forming distance. Seen in Figure 10 , lower-metallicity star-forming spaxels are designated larger AGN fractions than expected. We extend the notion of a starburst basis point defined as d SF = 0, to a starburst basis line. Any spaxel present along the line is defined as having d SF = 0. This line is indicated on Figure 12 , extending between the starburst basis point SB1, and the midpoint of the starburst basis points SB2 and SB3.
Nuclear column
Interestingly, all spaxels seen in the mixing sequence of NGC 1365 in Figure 8 are located in the nucleus, showing both star formation and AGN activity occurring as nuclear processes. Seen along this mixing sequence in Figure 8 is a clear spread in the ionisation parameter. We further extend the method displayed by Davies et al. (2014a,b) by increasing the number of basis points located at either end of the mixing sequence from one to two, in order to account for this spread in ionisation parameter (∆logQ(N)∼0.5 dex). The result is defined as the nuclear column, and indicated in Figure 12 as extending between the 100% nuclear starburst line, and the 100% measureable AGN line. The nuclear column ensures the star-forming distance in the spaxels along the mixing sequence remains consistent, despite the changes in ionisation parameter. The AGN fraction for each spaxel is then determined by each spaxel's distance along a unique line projected between the 100% nuclear starburst line and the 100% AGN line.
Relative AGN fractions
We calculate the relative AGN fractions for several emission lines for both NGC 1365 and NGC 1068, given as a percentage of the total emission. This calculation is identical to that displayed and described in Davies et al. (2014a) . The complement of the AGN fraction with respect to 100% signifies the relative fraction of the total emission from star formation. The total luminosity of any emission line in a given galaxy can be calculated by the following:
where L i is the luminosity in spaxel i for the emission line in question. The total luminosity of the emission line attributable to AGN activity can be calculated from
where f AGN i is the AGN fraction in spaxel i. It follows that the relative fraction of emission attributable to AGN activity for the given emission line is given by Table 3 are the results of the above calculations for several emission lines. We discuss the results for NGC 1365 and NGC 1068 below individually.
NGC 1365
AGN activity from NGC 1365 has been inferred previously, with studies showing the nucleus of NGC 1365 to be luminous in hard x-rays (e.g. Risaliti et al. 2007 Risaliti et al. , 2013 , radio wavelengths (e.g. Sandqvist et al. 1982 Sandqvist et al. , 1995 and FUV radiation (e.g. Phillips et al. 1983 ). Further, the nucleus of NGC 1365 has been shown to produce large fluxes of collisionallyexcited emission lines, with its high flux of [O iii] very well documented (Phillips et al. 1983; Veilleux et al. 2003) . Large Our results of starburst-AGN mixing are in agreement with the AGN activity in the nucleus of NGC 1365. Seen in Figures 11 and 12 is the BPT diagram for NGC 1365, showcasing our new AGN fraction calculation. We note the presence of spaxels found below the 100% star formation lines, and spaxels found above the 100% AGN line. This indicates the uncertainties found within the photoionisation models, and may arise due to systematic uncertainties in the input ionising spectrum parameters (see D'Agostino et al. in prep. for a detailed discussion on the systematic uncertainties in input ionising stellar spectrum parameters in H ii region modelling). Nevertheless, all spaxels which lie below the 100% star formation lines are set to 100% star formation, and all spaxels found above the 100% AGN line are set to 100% AGN. The map of the distribution of AGN fractions in NGC 1365 is shown in Figure 13a . Seen in Figure 13b Table 1 .
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Central metallicity lines
Outer metallicity line Figure 9 . The basis points exhibited on the photoionisation grids, with the location of each constrained using the metallicity measurements of NGC 1365. The starburst basis points SB1, SB2, and SB3 define the starburst basis line, while the basis points SB2, SB3, AGN1, and AGN2 together define the nuclear column. Figure 10 . The AGN fraction for NGC 1365, using the old calculation by Davies et al. (2014a,b) . The method from Davies et al. (2014a,b) gives AGN fractions of up to ∼50% for some spaxels below the Kauffmann line -a well-known empirical line which signifies the upper limits of pure star formation. Figure 8 ), the new basis points and mixing curves based on our model grids (pink points and lines, Figure 9 and Section 5), and the resulting starburst-AGN mixing sequence (green curves).
NGC 1365
regions of low AGN fractions (high star-forming emission) in the nucleus of NGC 1365. Contours of 70µm IR emission are also shown in Figure 13b , taken from Alexander & Hickox (2012) . The detection of mid-IR emission at 70µm (and other wavelengths; see Alexander & Hickox 2012) in the nucleus of NGC 1365 suggests an indirect detection of nuclear star formation, as a prominent dust lane surrounds the nuclear region of NGC 1365, obscuring a significant fraction of optical emission from our field of view (Alexander & Hickox 2012) .
AGN activity south-east of the nucleus matches the biconical outflow seen in Veilleux et al. (2003) , supporting the claim made by Veilleux et al. (2003) that the outflowing material is the result of AGN activity. Very little AGN activity, and in general structure, is seen on the north-west side of the nucleus. However, the north-west component of the [O iii] biconical outflow is fainter than its south-east counterpart (Figure 2 and Veilleux et al. 2003) .
As a source of ionisation and excitation, the AGN of NGC 1365 is relatively weak. This can be seen when considering the fraction of strong collisionally-excited emission line fluxes as a result of AGN activity, as the flux of collisionallyexcited emission lines such as [O iii] and [N ii] are greatly enhanced by the extremely hard radiation field from the accretion disk of AGN (Kewley et al. 2006 (Kewley et al. , 2013 . We measure the fraction of [O iii] luminosity from AGN activity in NGC 1365 within the TYPHOON field-of-view to be 10.02 ± 0.71%. Conversely, this implies that ∼90% of the total [O iii] luminosity in NGC 1365 within the TYPHOON field-ofview is from star formation, showing that star formation is the dominant process in NGC 1365. This is supported by the BPT diagram in Figure 8 , which not only shows an extensive star-forming sequence, but also shows star formation occurring in the nucleus of NGC 1365 along with AGN activity. Further, we calculate the radius at which star formation and AGN activity dominate equally (AGN fraction = 50%) for NGC 1365 to be 1.350 ± 0.362 kpc. This calculation shows the majority of the AGN activity to be contained tightly within the nucleus with a very small radius of influence.
We calculate the fraction of the total Hα luminosity attributable to AGN activity in NGC 1365 within the TY-PHOON field-of-view to be 5.12 ± 0.07%. As noted in Davies et al. (2014a) , the AGN fractions in galaxies which display both processes indicate the degree of error imposed when using Hα as a star formation rate (SFR) indicator. In the case of NGC 1365, SFRs calculated for NGC 1365 using Hα can be considered largely accurate, as we observe ∼95% of the total Hα luminosity to be from star formation. At most, an overestimate of ∼5% is expected when calculating SFRs in NGC 1365. large-scale outflows seen in NGC 1068. Material with a very high AGN fraction is seen in Figure 16a to both the northeast of the galaxy, and to the south-west through openings in the galactic disk, coinciding with the biconical structure shown in Das et al. (2006) . This suggests that the large-scale outflowing plume of [O iii] seen in Pogge (1988) is the result of AGN-driven activity (shown in Figure 16a ). AGN-driven outflow from NGC 1068 has also been concluded from results in radio wavelengths. Using data from ALMA, García-Burillo et al. (2014) map emission from a set of dense molecular gas tracers, namely CO(3-2), CO(6-5), HCN(4-3), HCO + (4-3), and CS(7-6). Within the inner 50 -400 pc, they report a massive outflow in all molecular gas tracers of M mol = 2.7 +0.9 −1.2 × 10 7 M . They also show a tight correlation between the ionised gas outflow, the radio jet, and outward motions within the circumnuclear disk of NGC 1068, suggesting the outflow is AGN-driven. They strengthen this suggestion by noting the outflow rate in the circumnuclear disk is 63 +21 −37 M yr −1 , much larger than the star formation rate calculated for NGC 1068 at these radii.
NGC 1068
Star formation within the nucleus of NGC 1068 has been seen previously, with Storchi-Bergmann et al. (2012) locating young stars within the central 100 pc. The nuclear star formation rate in NGC 1068 is quite modest however, with estimates of SF R nuclear ∼0.4 − 0.7M yr −1 out to a radius of 35 pc (Davies et al. 2007) , SF R nuclear ∼0.4M yr −1 out to a radius of 12 pc (Esquej et al. 2014) , and SF R nuclear ∼1M yr −1 out to a radius of 140 pc.
Further out from the nucleus, up to radii of a few kpc, the star formation rate in NGC 1068 has been shown to be enormous. Thronson et al. (1989) calculate a SFR of ∼100M yr −1 in the ring surrounding the circumnuclear disk. The starburst ring in NGC 1068 can be seen in our results in Figure 16b as a ring of spaxels with low AGN fraction surrounding the central region containing high AGN fractions. This large SFR is likely a consequence of the very large molecular mass in the circumnuclear region (∼2−6×10 9 M ), which appears to have been confined to the circumnuclear region by the bar at the centre of NGC 1068. As a result, star formation in NGC 1068 is seen to primarily take place in the star-forming ring surrounding the galaxy's central region. Hence, observations showing extensive star formation towards the outermost regions of NGC 1068 have been rare. This finding is reflected in the BPT diagram of NGC 1068 shown in Figure 14 which lacks a large star-forming sequence like that seen in Figure 11 for NGC 1365. Our results suggest that star formation as a source of ionisation and excitation weakens at radii ≤ 2.246 ± 1.277 kpc, as these radii contain spaxels with AGN fractions greater than 50%.
We show star formation nevertheless is influential in the total emission from NGC 1068, despite the lack of a star-forming sequence and a relatively low nuclear SFR. Presumably a result of the enormous SFR surrounding the circumnuclear disk, we calculate roughly ∼59% of the total [O iii] luminosity to be from star formation within the TY-PHOON field-of-view (shown as an AGN fraction of 41.68 ± 0.28% in Table 3 ). Our calculations in Table 3 We claim the use of the total Hα luminosity as a SFR indicator in NGC 1068 will overestimate the SFR by ∼25%. Shown in Table 3 , the luminosity of Hα from AGN activity is calculated to be 24.38 ± 0.12%, implying only ∼75% of the luminosity from Hα in NGC 1068 is from star formation.
INVESTIGATING THE EFFECT OF SPATIAL RESOLUTION
We investigate the AGN fraction and other properties as a function of spatial resolution. We apply the same calculations and methods described in Section 5 to datacubes rebinned to 330, 500, and 1000 pc/pixel; resolutions found in other IFU surveys such as MaNGA, SAMI and CALIFA.
Effect of resolution on the AGN fraction
The AGN fraction calculations for NGC 1365 and NGC 1068 at differing resolutions are shown in Figures 18 and 21 as the BPT diagrams and in Figures 19 and 22 as maps of the galaxies. Figures 20 and 23 show maps of the AGN fraction in the nuclear regions of NGC 1365 and NGC 1068 respectively.
The basis point positions remain the same across all rebinned data for consistency, set to the values shown in Table 1. However, we do note following the work of Poetrodjojo et al. (prep) , the metallicity gradient of a galaxy flattens with coarser resolution. Hence, if the metallicity gradient for both galaxies was recalculated using the rebinned data, the estimate for the central and outer metallicities would differ for each datacube, resulting in different positions for the basis points. We avoid this issue by noting the basis points are intended to represent line ratios associated with 100% star formation and 100% AGN emission. Binning together spaxels of AGN and star formation combines the processes in these spaxels, raising the overall contribution from AGN activity in the star-forming spaxels, and vice-versa. The re-sult is a diminishing spread of spaxels on the BPT diagram with coarser resolution. Hence, as the resolution coarsens, the likelihood of a spaxel containing 100% emission from AGN activity or 100% emission from star-formation continues to decrease. This spread of spaxels on the BPT diagram is highest with the native resolution of both galaxies, suggesting the best indication of 100% AGN emission and 100% star-forming emission is provided by the highest-resolution datacubes available.
The increase in AGN contribution in spaxels as the data is rebinned is shown in Table 2 which gives a constant increase in the radius of equal starburst-AGN domination for both galaxies (the radius where the AGN fraction = 50%). It is also shown in Figure 17 , showing an average increase in the percentage of spaxels with AGN fractions > 50% as resolution decreases. The AGN radiation field produces large [O iii] (Table 3) . Considering NGC 1365, we find no significant change in the AGN fractions within the error bounds of the aforementioned strong emission lines between native resolution and a resolution of 1 kpc/pix, averaged over all lines shown in Table 3 . NGC 1068 however, shows an average increase of 17.67 ± 7.09% in the AGN fractions for the same strong emission lines between native resolution and a resolution of 1 kpc/pix. This has large ramifications for calculating the SFR in a galaxy. NGC 1068 shows as increase in the Hα AGN fraction between native (121 pc/pix) and 1 kpc/pix resolutions of 14.59 ± 0.14%. As a result, in general, the SFR from a galaxy with AGN activity may be continually and further overestimated with coarser spatial resolution.
We find that there is no limiting spatial resolution which allows the AGN fraction to be reliably estimated. The radius of equal starburst-AGN domination continues to decrease as the resolution increases (seen in Table 2 ), as does the percentage of spaxels with AGN fraction greater than 50% (seen in Figure 17 ). As such, one can expect the measurable emission from AGN to continue to decrease once the resolution has increased beyond the resolutions of the TY-PHOON galaxies (169 pc/pixel for NGC 1365; 121 pc/pixel for NGC 1068). Hence, when attempting to accurately measure and quantify the influence and emission from an AGN, one should obtain data at a resolution as high as possible.
Effect of resolution on low surface brightness features
As the resolution decreases, low surface brightness (LSB) features become apparent. Seen in the BPT diagrams at lower resolutions are spaxels in the regions commonly associated with features such as shocks (for the position of shock features on diagnostic diagrams, see Rich et al. 2010 Rich et al. , 2011 Kewley et al. 2013) . These LSB features typically have low signal-to-noise ratio values. The rebinning process produces an increase in the S/N of the LSB spaxels. Hence, LSB features become observable in the data. Table 2 shows the relative difference in spaxels with emission attributable to LSB features. In total, we see an increase in the percentage of spaxels which we attribute to low surface brightness features between the native resolution data and the rebinned data for both NGC 1365 and NGC 1068. The increase in the relative amount of spaxels attributed to LSB features differs for both galaxies, with up to a factor of ∼12.5 increase in NGC 1365 with coarser resolution, and up to a factor of ∼1.6 increase in NGC 1068. These spaxels are defined as being outside the nuclear column with moderate [O iii]/Hβ and moderate-high [N ii]/Hα ratios, in the region of the BPT where LSB features are typically found.
Shocks
Shocks (or shock waves) are compression waves which propagate at a speed greater than the sound speed in the medium. Due to the supersonic nature of the shock wave, instantaneous changes in properties of the medium (such as density, pressure and temperature) occur at the shock front, causing discontinuities in the values of these properties before and after the boundary of the shock. The source of supersonic compression may originate from astrophysical phenomena such as supernova explosions, stellar winds, or outflows from young stellar clusters or AGN (Dopita & Sutherland 2003 , and references therein). Shocks are typically diagnosed and categorised by their high velocity dispersions (typically ∼100 − 500 kms−1; Rich et al. 2010 Rich et al. , 2011 Rich et al. , 2014 Ho et al. 2014) . Figure 24 shows the velocity dispersion maps across all resolutions considered for NGC 1365. Regions of high velocity dispersion (σ∼160 kms −1 ) can be seen around the nucleus of NGC 1365 across all resolutions. However, the high velocity dispersion regions surrounding the nucleus grow in size as resolution decreases. The number of regions of high velocity dispersion along the spiral arms of NGC 1365 increases as the resolution decreases, with velocity dispersions up to σ∼300kms −1 at a resolution of 1kpc/pix. The high levels of star formation in the spiral arms of NGC 1365 shown in Figures 11 and 13a suggest that regions of high velocity dispersion within the spiral arms are a result of shocks from stellar sources, such as supernova explosions and stellar winds. It appears that shocks from stellar sources are intensified and enhanced with coarser resolution.
NGC 1068 also shows evidence of shocks. Seen in the velocity dispersion maps for NGC 1068 in Figure 26 , regions of high velocity dispersion can be seen away from the central AGN, notably along the biconical outflowing material. An accreting supermassive black hole will produce thermal x-rays which provide a radiation pressure on nearby gas, causing expulsion of the gas in the form of a wind. The biconical outflow, believed to be the result of AGN activity (Pogge 1988; Cecil et al. 2002; Dopita et al. 2002b , and our Figure 16 ) is radiatively accelerated to high velocities (∼3000 kms −1 in the case of NGC 1068; Cecil et al. 2002) by the AGN wind. Once the wind enters the ISM, the highvelocity material interacts with the ISM material, which is travelling at a velocity on the order of the sound speed in the medium (∼ a few tens of kms −1 ; Dopita & Sutherland 2003) . The high-velocity outflowing material, travelling at a velocity higher than the sound speed in the medium, compresses the ISM material upon interaction, causing shocks through the ISM (Zubovas & King 2012) . Hence, it is expected that regions of high velocity dispersion which correspond to shocks appear within the biconical outflowing material found in NGC 1068. The number and relative amount of the high velocity dispersion regions along the biconical outflow continues to increase as the resolution decreases. The spaxels in the area concerning shocks on the BPT diagrams for NGC 1068 shown in Figure 21 are assigned large radii (r > 5 kpc), constraining these spaxels to be outside the disk of NGC 1068.
CONCLUSIONS
Using high spatial resolution data from the TY-PHOON/PrISM survey, we analyse two AGN host galaxies NGC 1365 and NGC 1068. We extend the work of Davies et al. (2014a,b) by using photoionisation grids to introduce a new method to calculate the AGN fraction of a galaxy from the BPT diagram. We also perform the same AGN fraction calculations on datacubes of NGC 1365 and NGC 1068 which have been rebinned to lower spatial resolutions. We report the following:
(i) IFU datacubes with resolutions as high as those used by TYPHOON (169 pc/pix for NGC 1365; 121 pc/pix for NGC 1068) show both star formation and AGN activity occurring in the nucleus of an AGN host galaxy.
(ii) The AGN in NGC 1365 is relatively weak, with only ∼10% of the total [O iii]λ5007 luminosity and ∼5% of the total Hα luminosity from NGC 1365 being attributable to AGN activity within the TYPHOON field-of-view. This shows that the vast majority of the emission from NGC 1365 is from star formation. The AGN in NGC 1068 is stronger, accounting for ∼42% of the total [O iii] luminosity and ∼24% of the total Hα luminosity within the TYPHOON field-ofview. This shows that whilst AGN activity in NGC 1068 is considerable, star formation does have alarge influence in the total emission from NGC 1068. The fraction of Hα emission from AGN activity also has consequences for the calculation of SFRs in both of these galaxies. An overestimate of ∼5% and an overestimate of ∼24% on the SFR of NGC 1365 and NGC 1068 respectively will occur if Hα for the calculation.
(iii) Low surface brightness features such as shocks in galaxies and certain outflows (such as that in NGC 1365) only appear at lower resolutions. Features with a low S/N ratio gain a S/N increase when binned with spaxels containing a higher S/N ratio, or when observed with a higher S/N feature in the same spaxel. Increases in the number of spaxels attributable to low surface brightness features up to factors of ∼12.5 and ∼1.6 are noticed with coarser resolution in NGC 1365 and NGC 1068 respectively. Hence, certain features within a galaxy are lost when the resolution of the observations increases.
(iv) The contribution of AGN to total galaxy emission increases with coarser resolution. An average 18.05% increase from the emission from AGN activity in NGC 1068 in is seen in several strong lines as the resolution decreases from their respective native resolutions to a resolution of 1 kpc/pix. As the resolution lowers, the AGN fraction in individual spaxels and also individual emission lines increases, showing a larger effect from the AGN. This is also seen by the radius of equal starburst-AGN domination increasing with coarser resolution, with a roughly equal factor of 3 increase in the radius of equal domination for both NGC 1365 and NGC 1068 as the resolution decreases from their respective native resolutions to a resolution of 1 kpc/pix.
For optimal results when calculating the contribution of emission from AGN activity, the highest possible resolution data should be sought. We show that with finer resolution, the relative contribution from AGN in the total emission within the galaxy continuously decreases. Furthermore, the zone of influence of the AGN is also shown to be continually overestimated with coarser resolution. Hence, only the highest possible resolution will provide the most accurate measure of the AGN activity within a galaxy.
We intend to extend this project in the future. Emission in galaxies may arise from sources other than AGN or star formation, such as shocks. Hence, future work will include the separation of emission from shocks in addition to AGN and star formation in IFU data. 
APPENDIX A: POWER-LAW SPECTRAL INDEX
Here we show BPT diagrams of NGC 1365 and NGC 1068, with AGN model grids featuring power-law spectral indices of α = −1.4 and -1.7. In both n = 1000 cm −3 and n = 10000 cm −3 cases for NGC 1365 and NGC 1068 respectively, lowering the spectral index α lowers the [O iii]/Hβ and [N ii]/Hα fluxes produced by the models. Several caveats result from using a lower spectral index with these models:
• The line of constant metallicity representing the cen- tral region of the galaxy is moved further down the mixing sequence towards the starburst region of the BPT diagram, and in the case of NGC 1068, does not provide a good fit to the uppermost spaxels in the mixing sequence. The result of using such a model to define the 100% AGN region would be many spaxels saturated at 100% AGN. Further, the error in the photoionisation models of ∼1.5 dex in emission line ratio (D'Agostino et al. in prep) does not account for the amount of spaxels above the central metallicity line.
• While a case may be made for the use of α = −1.4 for NGC 1365 seen in Figure A1a , use of such a model (and models which decrease α even further) results in several off-grid spaxels which are not explained or defined by the model. At α = −1.7 and below, increasing the metallicity of the n = 1000 cm −3 models fails to describe the off-grid spaxels, as the models begin to turn over at metallicities of Z = 0.060 and beyond, seen in Figure A1b for the n = 1000 cm −3 model seen in Figure A1a , hence increasing the maximum metallicity shown in the model beyond Z = 0.060 may describe the off-grid spaxels. However, it should be noted that the maximum metallicity calculated in each galaxy (1.42Z and 1.41Z for NGC 1365 and NGC 1068 respectively, where Z ≡ Z = 0.020) is far below the maximum already included in the models of Z = 0.060. Hence, using higher metallicities to explain the off-grid spaxels is inconsistent with our metallicity calculations, and such a high metallicity is possibly considered unphysical.
Hence, a power-law spectral index of α = −1.2 is the only value considered which is consistent with the data and our metallicity calculations. 
